1? METHOD AND APPARATUS FOR COVMUNI CATI NG DATA UPON MULTI PLE RADI O CARRI ERS
[ 0001] The present invention relates generally to the comuni cation of data
pursuant to a hi gh-speed data comruni cation service, such as an Enhanced
Data for d obal Evolution (EDGE) conmunication service. Mre particularly,
the present invention relates to apparatug, and an associ ated net hod, that
al |l ocates communi cation resources according to a Mbile Allocation |Index

O fset schene and that provides for the conmunication of data by way of the

al | ocat ed comuni cat | e [ ogekaround of the |nvention [ 0002]
Hi gh- speed data seﬁ#fﬁgg i’i’ UPFOR GAMMENICAHNGDAEA o

communi cation systens. AdvarESReNWLI LKAl A Im] dhnol ogi es have
permtted the devel opment and depl oynent of radi o comruni cati on systens
that permit the comunication of data at hi gh conmunication throughput
rates. And, wi {600dpnThepreskntitventientibites gonelimol tetabimhitfeRRgUdi es,

i nprovenents to such systens _permt the throughput rates to be yet further
i ncreased. VAPFYaY tpa yeed) dafacamemnicatien seryics, suehias am Egbuicad Bata for
mechani sms  ofL R IERARRLA T ﬁ]?im}’g%' i.ag; de tandardi zati on,
and i npl errenttg?llsmgn. Anbggg%%r%? ata Exg%}g%cgaﬁdggB%gi%lIagg’ tﬁ?@’f'eé?l?ted to as
GPRS ( Gener alinvRatietelfRedtioapparatisca)d froassédfived fethod] thSysltcentes or Mobi | e

comuni cat i ons%{glhas gchi eved signif.i cant%ﬁ\ie@@of. depl oynent” and usage. An
ext ensi on t o “PREMGEAUPY FeseRRs RTINS (oA MoRile Allerationdndex Offat sphcses adt a f or
G obal Evol utigBiovi i rates
achi evable in ag Eﬁ%ﬁ?igggﬁ%ﬁ$%§%gg¥ggg?gﬁ%a?%bgg%ﬁufpﬁt%gﬁ%%%ﬁ%ﬁgﬁose
achi evabl e i Kespugepr edecessor GPRS system [ 0003] Wil e EDGE- based
comuni cations permt data to be comuni cated at substantially higher data
rates than its GPRS predecessor, data services are becom ng, and
anticipated to becone even norepa&kordahdof gk Gen There is a continuing
need to find ways yet further to 1 ncrease e Jdata t hroughput capabilities
of - EDGE- based rilightspegdsdate sersices prednereasingly peréutyed bymay dasdion of

i ncreasi ngl yc&ﬂﬁﬁhioﬁﬁ@rpgﬂeﬁls. Advancements in communication technologies have

permitted the development and deployment of radi6 communication systems that

A
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permit the communication of data at high communication throughput rates. And, with
continued advancements in communication technologies, improvements to such
systems permit the throughput rates to be yet further increased. Various high-speed
data services, and their associated mechanisms of implementation, are undergoing
development, standardization, and implementation. An exemplary data
communication service, referred to as GPRS (General Packet Radio Service) for GSM
(Global System for Mobile communications) has achieved significant levels of
deployment and usage. An extension to the general GPRS communication scheme,
EDGE (Enhanced Data for Global Evolution) is presently undergoing deployment.
Data throughput rates achievable in an EDGE-capable system are significantly higher
than those achievable in its predecessor GPRS system.

[0003] While EDGE-based communications permit data to be communicated at
substantially higher data rates than its GPRS predecessor, data services are becoming,
and anticipated to become even more so, data-intensive. There is a continuing need to
find ways yet further to increase the data throughput capabilities of EDGE-based

communications to facilitate the speedy communication of increasingly data-intensive



2 data conmuni cation services that are to be inplenented in an EDCE- based,
or ot her high-speed, data communi cati on system [ 0004] Existing EDGE
standard pronul gations define, anongst other things, the channel structure
used pursuant to EDGE-based conmuni cations. Channels are defined upon
multiple carriers. But, due to various requirenents, effectuation of a

si ngl e communi cation service using conmuni cation resources upon nultiple
carriers is presently unavail able due to constraints in the standard
pronmul gati on. [0005] If a manner could be provided in a high-speed data
radi o comundatatommuaigstiemectvicestthhi are toniee englethéntedinen EIDGE-based, or other
tine-slot/ca&éher conbi nati ons to performa comruni cati on service,

i ncreased da ﬁﬁﬁﬂugﬁﬁE@nFEWE§‘%%ﬁW§5%ctraI utilization would be

achi evabl e. h{@t A @Eﬁﬁegmgtaﬁha?@ P& Eﬁoxﬁ?éﬁﬁé"aﬁﬁin &%tﬁ&%ﬂ%‘tﬁ: and

net hodol ogy t to operate in a nne mts co ni cations
to be carri echanntl stractarp ushe pmsnmtsb EDGE:basedrconmﬂmcmabnS) nShannals@rarade
rmatj on _that the

avai |l abl e. 0Q6] It s in Li of . this backgrqund |nf
si gni fi cant @%%ngg q%ﬁ°¥ﬁ- &%@éﬁp 10 NEROHSIT RFotse Gilpciuajion o ag, i o
Descri ption gk |&§thﬂi’¥aﬂ&§ semcE %ﬁ%]coﬁtﬁhﬁ&uan késbﬁ&%tﬂ @ﬁd?’ﬁn@lt %)lé' \GHigal
bl ock dlagran1of an exenpl a communi cation systemthat includes an
embodi-ment  ofs présenthy mnﬂahmm{m wnstagnta ip thetstandandpgemulgation.
[0005] If a manner could be provided in a high-speed data radio communication
system fo utilize more fully available time-slot/carrier combinations to perform a
communication service, increased data throughput rates and spectral utilization would
be achievable. Such a manner would also require communication apparatus and
methodology that is able to operate in a manner that permits communications to be
carried out using the time-slot/carrier combinations, once made available.
[0006] Itisin light of this background information that the significant

improvements of the present invention have evolved.



[0008] Figure 2 illustrates a representation of exenplary conmmunication
resource allocation nmade pursuant to operation of an enbodi nent of the
present invention. [0009] Figure 3 illustrates a representation of

anot her exenpl ary communi cation resource allocation nade pursuant to
operation of an enbodi nent of the present invention. [ 00010] Figure 4
Illustrates a nethod flow diagramlisting the nethod of operation of an
enbodi ment of the present invention. Detail ed Description [ 00011] The
present invention, accordingly, advantageously provides apparatus, and an

associ ated net hod, that facil Biief Besciptiomefant Degwiiosdat a pursuant to a
hi ghspeed datg ﬁ;gﬂuni cation_ service, such as _an_Enhanced Data for { obal

Evol uti on ( EDGEPOCbreecat i%‘%ﬁ@@ﬁv?cwmﬁi‘lh&lo%mapfO%P s§reEpary
optional |y Ubddinbhidgiidd Gt AR an_enttdQfiteh oﬁh%g%e@g&ﬁ@ﬁ?%& an

enbodi nent of the present 1 nvention, a manner 1S provi
al | ocat e conpontion #idrenf. r esources across a plurality of radio carriers

howsoever | ogi efined pursuant to a _Mbjle Allocation,|Index Ofset
(MALOQ schene. ﬁ)%h&yr\ﬁgg‘@e%ﬂaﬁr%ﬁ%@?rﬁﬂtﬁféoﬁ ?WWGSW&Ha@)m?F@SH@ﬁcy
(RF) to inpl gngatiod ﬁﬁﬁé‘?ﬁ}%ﬁ{a&‘ﬁp i ¢Han éin Jdﬁﬁéxﬁ@fhﬁ%ﬁﬁ%!' vasian RF
carrier itself The i kelihood of" tine slots belng avall'able for allocation

across a pl urdloooy] diigwarsrillestsatesa gepredeatativhaf ahdtber édeelpldrg edmoiurticatiens| ot s
bei ng avail abl e forual | ocation on a sj ngl e mner, ali '.tatiog of existing
al | ocati on sETRWSEE allocgtwggmage gyrsuant o, PPEaHQ, Ofndfi FRPIHmNCh e BESE 055
a plurality piehttgex offsets, an increased |ikelihood that a contiguous
series, such as a block, of tine slots can be allocated for the performance

of a data comb¥@f)18htHige ddtystrgesqumiethyd flavodirgrane Bstingrthe swticdof opgeation
contiguous s eNgs i sl i vailable within a franme, the data is
able to be c§%n| cozf?&é‘ tr?oqﬁlée%rgée%ﬂn%e A4 when onl y maki ng use of
comuni cation resources upon a single carrier for data comuni cati ons
durin 4

k Detailed Description

[00011] The present invention, accordingly, advantageously provides apparatus,
and an associated method, that facilitates communication of data pursuant to a high-
speed data communication service, such as an Enhanced Data for Global Evolution
(EDGE) communication service or other communication system optionally utilizing
frequency hoi;ping.

[00012] Through operation of an embodiment of the present invention, a manner is
provided by which to allocate communication resources across a plurality of radio
carriers howsoever logically defined pursuant to a Mobile Allocation Index Offset
(MAIO) scheme. The MAIO is an offset value to the actual Radio Frequency ('RF) to
implement frequency hopping, but is treated logically as an RF carrier itself. The
likelihood of time slots being available for allocation across a plurality of carriers is
greater than the likelihood of time slots being available for allocation on a single
carrier, a limitation of existing allocation schemes.

[00013] By allocating communication resources across a plurality of index offsets,
an increased likelihood that a contiguous series, such as a block, of time slots can be
allocated for the performance of a data communication service during a
communication session. When a contiguous sequence of time slots is available within
a frame, the data is able to be communicated more quickly than when only making

use of communication resources upon a single carrier for data communications during



a comuni cation session. And, even if contiguous tinme slots are not

al l ocated, increased nunbers of tine slots allocated to a data

comuni cation session pernmits its conple#ion due to the greater statistical
| evel of resource allocation. [ 00014] In one aspect of the present

i nvention, the network part of the radi o data comuni cati on system i ncl udes
an anal yzer that anal yzes communi cati on resource requi renents needed to, or
ot herwi se requested to, be provided pursuant to comruni cate data to perform
a conmuni cation service during a connunication,sesTion. The anal yzer

det er mi nes, 3COPIIHEGEEAR 8S5SHe AidnBisn 1bFoRtigous fimesiathate nof gllaateded to be

al | ocated g dfRod RITAHEL GFtRUREARARAE aRBldUomihiiEcdfhdcl b its
comuni cat ed between a set Of commini cation stations. The determ nations
made by t he camaleyine duatcethogdmfer statisticat il ef resouree dlicwaiorby- f rame basi s, on

a comuni cati gn ssion basi s, or upon another basis, all .in a. manner that
permits qynanﬁgeo P Pe asBe B pervent Nyt Rs fheiFk wrE of S0 BE ¢ e
present i nvephiRficatif® sPedfudedbh aRhI§RrthE| HEGfestoiB QHEARnGEIRRRL OF t hat

al l ocates resources to permt the conmunication of the data during a
conmmuni cat i osusresshtsmeededahf arottherwesetrhquestedriosiecprovided pansydntéo The resource
all ocations are madge%%}@ fesponsi ve .t Q. anab‘ysi‘i of the comni cation
requi r ement ST ES PRINBEAOTYREMSFHONSEHACL Y XIHPEHSHHYY of Ml Os
(Mobi | e Al | ge@fon® ThREEN & detinnes NoVaRENEE, tHEhiber of thisige tidt ad ar tinme
slots are available on different index offsets or RF_frequencies,

al | ocat i ons nggdediabe aerateshimibs exmmuaisationoession ft perit the detadebei cat i on
session wthj i ts ) -1 nd .

frequenci es .Qb%g{r“}emﬁ[eégeﬁ g’? ‘%"3‘ ,a ??egé%%‘;r}%gghlg%ﬁ?%rgg%%ddﬂ b?ﬁ g %{erﬁgggﬁ(?lgseﬁgﬁ b(?(c at or
are not | i nhiecthalyaesat atddeofor Ofstdncansd Hime diy-fBarsie bghi onmalkkbinenalidatioat i on

i ndex offset or RF frequency but rather are all gcat ed, g?r;an ,avai | abl e, upon
any i ndex offSiop taisfqrdipqe ABYEHRASIS, AL Ikd FRAIAFTCERL REAMES SYNATHS FSBURCEi es to a
comuni cati gfi,Sgegl on, are capable of operation. [ 00016] I n anot her
aspect of the present invention, a nessage generator at the network part
gener at es an [80015q alini apnthee sgpegecfithapresent liudmtiondhe astwiode pari &lyd mgludes a

comuni cation resoyrces .allocated to communi cate the data.pursuant to

ef f oct uat | ofEBHCR RO ABEHEF res TS RETPIF o BHRERI DA R R soi on.
The al | ocat H@ﬁn%&%&ﬁﬁﬁnio%ti&@@éssf@ﬁ td Bfeqigito@iKedd@hhinit&tich s¥Bhed. €T1d at i on t hat
is a party to the comuni cati on session pursuant to which data is to be
comuni cat egesopice gipeationsare Badgne SnHesPPasike i anghysisofithe epmmupisation t o t he
comuni cat i QN | S i . { bile
ctations. pyCWlERRNE" ThE Peofick AROLTN; SRARARP. ISl SATAIOH (HBGAT”, ¢
to be a par lckatidrhiadeoOfisatisCiadvwwevaatsinod, Wiea parthiule tsiceadlotoard s i nf or ned

of the resource allocations, thereby ermt the nmpbile station to
operate cor F“é‘b‘{aﬁ& Q‘Uﬁ?%@éf U@P"_Bﬁrs‘?tﬁo’fkg UEICiED lgng ‘i‘rSHlagStt% that is
comuni cat edodiinRard it ﬁlﬁgi?]‘é}h@'t&@lre'c%%n%ﬁﬁéitf&ﬂ-sgassicl[rp\gﬁﬂiﬁ]thé {im8 gm&;&&?@s pect

of the present 1 nvention, the network station includes a baseband el enent

t hat gener atldferentsnduyl offsstsgmRF frepressient Morey gensiraltyh eesduitcas altomated dytthe be
communi cated and a, si ngl e i deband radj.o f ue transmtter to which
Che s ngte. Srgitr aiaedare ot HeRE R hchie EFRERR e ¢ SRR linal Tor ming
the data onamudatibRiRlek I EESIRF FBqame) bdender Wd dldchied IesaibvaRaie lpeat | on.

I n anot her aspect of the present invention, the nobile station includes a
wi deband r adnpinderglfestoy flepmyncy thrtshearamunwationstationscparties todr t capabl e of
receiving data c nica her e lurality of carriers. That is to
say, the w 8%‘%5“# {%ﬁo?g‘:‘i"%@ge%‘r\?g?patg?eo@tﬁo ggﬁoglr' multi-carrier reception. Data
streans comMM0OGK] Eldl dapeher agiRal ciltRe FABERIBvaKion, 4 MEssafs j@ReLor dtHigtependent

data streans. In a further aspect, receiver diversity is_cgrovi'ded by

utilizing sBpos parhgensrresat dlitration mepwee Heatipdedss valursideptifyingthger and,
e.g., receiy t i .
epaced- apar oA B0 RRbuSEEMAEATE Bt Lfl B ok SRR Aumion
t hat det ect sf theeoainhodiaitionRevieshgifg acveenlioateaetsityy Theallveatiar K part to

the nobile station. The detector ascertali n,f the values of the allocation
message t heFEBIREE & SeHbRY Hreynetwerkapartde staep! eegtmﬂnctﬁgt, 1s a party to the

communication session pursuant to which data is to be communicated. If more than




[ 00019] The nobile station also includes a controller that controls
operation of the nobile station in response to the comruni cation resources
detected by the detector to be used pursbant to the conmuni cation of the
data. The controller, anongst other things, controls operations of w deband
“radi o frequency receiver elenent, thereby to provide intelligent control
over reception of data that is comuni cated between the network and the
nobi |l e station. [ 00020] Communi cation resources are allocated in a nmanner
that facilitates |npraqved data throughput rates. of the dat IS

cormuni cat oG TREUARENED 80P N Ce G B GHHARAEEtT: O QOSarbh, ~ The

al location bf.coRdes (it FPECAOE thel HSbiRBRIns! B%eﬁalﬁg&l@dlioeﬁﬁ;nqﬂeg‘sgge fohe
comuni cation session within the constraints’of e capabilities of the
comuni cat i eachshabilostatidiithat iatebpapaite & mgwmm@mmgnsesamonhe n@bilessi on and
to the reactjan ti e communi atlon ns_needed t tch to the
ot ferent r SR TR of DGR Condid SR PedBliEmo e bR abi o
[00021] In {pasR dRdc® REfecaSO Rk S trahidnit, &bRinfuni ctida dataltRat ifbshnMmnReRACT at ed
met hod, is provided for a comuni cation station operable to comrunicate
data. An andisingthejcompapeatigntsessi@ei ve an i ndication of a characteristic
of the data t e co i ation.
The anal yzer [lﬁgﬁlﬁ}(;n%"i anﬁr S84 630aér?atﬁgg%ge&){m;&ﬁo&tth%het%@?%&fmel%g%f: gf&re%w red

for the conbustheasd eleme@a‘ thhthgendated.a stnglesignilaep@bdnabief thesdatdihpt 8do be
receive an indication of the analysis nmade by the anal ¥zer The resource

al | ocat or i SowEHMIGiRdandasing P:d%‘é?@@é%@ﬂf@@?%rt%m& s5tq hichthe Snglkobi | e
all ocati on giﬁﬂ rsg &t th%rtrgngﬁ&'t@%h 1@@1 SRR RRGRL the Bal gtnti\ﬂugﬁt a. A

wi deband radrio ency elenent 1s adapted t0 recelve an I ndicatlion of
al l ocati on radierd)in admerdaﬂseamtheheaiek;matt alfocafitee In detfemdspeatviché pegerdncy

el ement is confijgu recei ve athat is c I cat over a plurality
of carriers ‘“"e“f‘g'(‘.) g‘? Bﬂe plalepIngHfcs p Wé&ebﬁggé%ﬁg@éﬂﬁe@rcg )etm’fsﬁ?LY%

appar at us, ﬁﬂ@hn@ar@&%%ﬁ & abR I Pbeiviify BtRCbHAMNIRAfedah &GO FlatalidPof
station operable pursuant to communi cation of data. A w deband radio

frequency ekamesretThat isddapy.dtic wilabendBE tepasest vaspradesdoemultpcarrier

t t | A
cont i gur od T8<BigkcPRuACERRT Rt e R PG R Res £ TRLARARLS P, Cuency

el ement of fGRRpeMIBALIAAE Sfréiks. SThat fugther éEbect,&lebéloatdmérsﬂajEﬁm&ddxﬁ@yltl fies
communi cati on resources allocated to the co nication statiogn pursuant to
the comuni &4lirige serarets @nteanas conpecteiodlie Madebapd REJranseliy St et -ar e

al | ocat ed a?éc%ﬁ%n@dﬁhgérﬁ'u?w R safRabfer il | H%Cs% ér% @Jaﬁ LinaQr carrier

frequenci es arriers howsoever gi ca A controller
i s adapt ed tc{Oﬂ@lﬁl Yhe mnbllﬂshanal inghude$ adelteetot tmgemﬁddldﬂlocﬂmmcasagfor . The

controller is confl to control erat of t frequ
el ement res ﬁB?%'i"i?@d “?%@ed’&f“é E(Paﬁéo © gy TmW Pﬁ’et%g?goré‘ﬁ‘if gﬁ
aspects in Whfids of (h8afb&Rn th&b&IARERbY fo idendfy tHRHRodadeiur@s 1 t hat
illustrates a co, mmuni cati on system shown generally at 10. The

communi cat i o089 ]eThé SIOblde sfabore akgoinnlisdes atCQn‘éiﬁﬂ@ s FonkEels operatioeofthesent

i nvention. In.the Ierrentatl { t]
forms a radPiCHsSED 88% %%ﬁqu um? gn%rgoou\%l eg](a%‘wf%ﬁ %E%a%(%&ﬁanced
Data for G gbakedi@biuint %e@@ﬁﬁuﬁﬁéaﬁbﬁ@fthe\/&md eThdeonirolleguinoggdese i pti on

shal | descri be exenpl ary operation of the comunication systemin terns of
its exenpl aﬁ@lngq?ﬁp@ﬁ@ﬁpgqmg@pqqf wideband radio frequency receiver elément, thereby to

provide intelligent control over reception of data that is communicated between the

network and the mobile station.

[00020] Comumunication resources are allocated in a manner that facilitates
improved data throughput rates of the data that is communicated pursuant to
performance of the communication session. The allocation is made to maximize the
sum of time slots allocated for the communication session within the constraints of

the capabilities of the communication stations that are parties to the communication



7 provide for EDGE-based communi cation services, it should be understood
that the teachings of the present invention are anal ogously applicable to
ot her types of comrunication systens, e.g., operable pursuant to operating
specifications that define other types of comunication systens.
Accordingly, the description of operation of the comrunication system 10 is
for purposes of explanation only and not of |imtation. [00024] In the
illustration of Figure |, the comruni cation systemincludes a set of

conmuni cation stations, comunication stations 12 and 14. Here, the

comuni cat i ewsgmmd@mt@zea@xcném@séqumumpa@rxe&ﬁfém% ngedeg tosvitgt e part of

t he communi st.em and shal | a network
station 12. ﬁ}fn‘hﬁnﬁeﬂgmgborﬁ%?ré arrdy %a%o%rﬁn%%qfoé%?sg%??éﬁ a “l"@eof a nobile
station and gbedll) RlthédemBg otitstasR@teHetofolepappataig, add b aeciatetoiithel,
station. During operation, either of the communicatiagn statl ons 12 and 14

are capabl eliﬁm@éﬁéf(&tﬁ W@m%ﬁm&p@@bﬁﬁf@&ﬁ@%% dps dwiagaygeran EDGE
data servic RQTEH [ descri bed
withr espec? %ﬁ fec C(le;atl oﬁh%?aﬁoqﬂa a‘%&rﬁﬁf@%%ﬁ;ﬁég%l ol%eser vi ce,

i.e., EDCE damaubivatadriyoae ﬁdstl@mﬁﬂtmmﬁbmfahostﬁhe amalZr isoconfighieddés y to t he
nobi | e statlon 14. Operation of the com"rue)(iJ n S stemtotitg%ni ate
data in an GB‘? Ly seuPRRCR M (eqpirgReHERIsY gfron0 i €at i on
station 14 &L?%ﬁﬂéﬁé}l"@ alifbtéd'® &e&wﬁnmﬁnﬁusﬂmfalaﬁa%@%ﬁ%ww 14" is
represent ati ve 0 e nulti-access nature of the conmmunication s?/stem
Duri ng exenphayserofibe a@soon:e allepaomis eoﬂiﬁecttmmﬂmafgacsoumes ewss:fea ugal

ffectual w h th.th icaf tat | 14
Station 14 OTmoPdbasePieR U MR R E RS Ter BB AR o e an "
conform ty WWif§ébahlleadid el sdrBp/cleaMnt EHlapee %&ﬂefaﬁﬁn(ﬁ:ﬂbmof allocation

Evol uti on/ General Packet Radio Service/ d obal System for Mbile
conmuni cat i omslp bythe reeourge aliesatdari dae vadebang sadie &?ﬂ‘éﬁ"ﬂ"y eW“ﬁ‘ilt iscopliggred o t he

EDGE channel ruct i ﬁ%f{gna structure defines
a TDVA (Ti m§° cs&éldgtﬁ%% Cé]ﬂgmhgg{ggs Eraﬁﬁ nc |ng frames that

conpri se ei gnnoozz]eznahmnd/btm»spmm, thessfsre, Asitenapmraugfand an ssobibdper
time slot is permtted When a communi cation seryice is to be effectuated

conmuni cat i &tk grewded forg commupgicatjog tatignper? FRofG R & SRR i ta
carrier avai, e Af Jaly: gl ommuni cati on of
t he EDGE dat ga{%ﬁe fx e@fnleBTheo?&.c?%:da&HV aé‘%eeéet.‘g&fgpf% r;:gqgeg??t%f a frame can
be al | ocat edoteumicaBedsibp ttig evnsmmmigalicettitom mlamiuraht}eqfebwqmrmd@tem@g a

Fowever | n ISR dpieetn dfeaten Pisfaby daerodS s ot Rrdleth b,

slots on a g MY @ufiMiditfion s@ftionMhe ati6a@ioalthdssag igemiled cﬂﬁnhidnﬁzaﬁbﬁ ocation
i ndex offset or frequency i s unachi evabl e. O her oPeratl ng reqU| renent s of

t he EDGE/ GPRSLGSKE gl}@qam A deeeunmypisatigmttationsFyast & e commpRKationet ous

o7 oadcast i Mo hoTR reRa e GRFRL Sgdf AL AOGRM A AR TIRRAR, & 0 °

whi ch the nﬁhbéz&noﬁﬁﬁddxﬁjffsbﬁs gp@sirier ﬁreqdencilélsee gpmkm cargespmmsbm@aldglm,llyTS
45.008 [5] and TS 45. 0002 [2], Annex B speC|fy an |ne ceréa%g of these
measur ement sefingrhi 4 comtsplley is adapteddo rersivaanpdigation 4pes Ppdg

communi cat i t % ¥ botibn BptiR g sabildy
servi ces, a?gtegég?fgﬁ%n% @mg%@pﬁgﬁ&ea %l%‘gﬁﬁg stia[tll on sret S ﬁteéonpcetl tion
for conmmuni ehﬁne{mnrasg&mnaiesthd: detettonshe availability of contiguous tine

slotsthat ar i IIoca ed to,e tuat a co nict'on
servi ce. [ﬁgﬁzﬂ gflg‘ntg ?‘ﬁéﬁl TPy Ss‘i“i’?‘?d %‘ ecSB%fﬁi‘nF}sty”%?? ¢lo
avai | abi | ' tFl@fre@t§altr‘l%s@ra%és%ofrhﬁﬁmf:ﬁfon%%ﬁbﬁnmn éﬂ%%i@tal‘tl()smh@a'
probability of six contiguous time slots on a S|n3 e carrier being

avai | abl e | sommiupichli6 spsteroenoperalid pntsearﬁﬂ@babmbp yﬂ@fﬁ o’étfgmrese@tntu guous
time slots on a.singl carrier bell‘[nlgel?tval bl e dro cent Even

putting asi d&Hen| MHPE SFTBRETGITRP 2oty edco(flflmg %?l} %yséefn aﬁ? AP S mal ce
nMeasur enent $,dié Rta RolnSrudhi Sdidhis§étb@dhatlpréviaed fob BRREE (BxtdintdtpDatd bt GlobE,

contiguous tinme slots would be avail able on a single carrier for allocation
pur suant t o Exobitieg) data eerrings-c Rftilsrihe &tlpvdeg dessripbor shalli dpseriby axemplasY ot s are
sonet i nes avail bIe n ot her n an
2oce: baced Syeelnh LPR SR tRh Rt et eRbipEiubaRith ", 27
permtted. [00026] The elenents of the comunication stations 12 and 14
are functionally represented and are fornmed of functional elenents,

i npl enentabl e in any desired manner. Additionally, while the functional

el enents are represented together, the physical |ocations at which the

el ements are fornmed need not be in comon. For exanple, the el enents shown




9 data is for conmunication to one or nore nobile stations pursuant to one
or nore EDGE communi cation sessions. The radio protocol stack includes
various |logical layers including a radi o7resource nanagenent (RRM | ayer.

[ 00027] The network station further includes a baseband el enent 24 to which
data is provided, here represented by way of the Iines 26. The baseband

el enment perforns vari ous baseband operations including baseband processi ng,
nodul ati on, and channel coding. [ 00028] The network part al so includes a
wi deband RF (radi o frequency) transceiver front end 28 to which data is
appl i ed by pheidedfoeBBGE-bisedenmnRmicatine senvines deshould bgpadsrstapditbatithains i t

mul tiple, contji.guo radi o f.requency channel.s cagnvert fr ingle
baseband si&ﬁgb %v%%BQPB?mBﬁ%V_'O _%@”ﬁ Hﬂﬁa??gﬁggﬁggg§r§%k§?ﬁe wi deband
nature of tREnELAREES ¥RlenRE eI Iopetable MRATAAE foQpeting @Petifaitiansi pandeiel er ent
radi o frequencies or nobile allocation index offsets, pursuant to an

embodi ment  ofhet hpepokeormuniogtean gystems. Agouizogly.phe dessrptienotapestiosdnent  of
t he present ,invention,.the co ni i j . r i neludes a

mul ti - carri 81° PRIMEIELHOL mgiroﬁrdlL rfc(?)rﬁ&.{r@%%e%%ﬁ%ﬂ (r?r%hr#l gﬁ%wﬁlaﬂg ngt gfcrrent 42 is at
| east funct jigfaatiby, coupled to the radi o protocol stack 18, represented by
way of the lines 44 and 46, to the baseband el enent 24, her represepted by

way of the | i[Re@4gnghgillustretnn ofddewred) Bpsommuncationsysien Bdudsdsehyt way of
the lines 5 ] -1 O, el 42 i s enbodi ed
at aradio %%EgﬁW%gﬁﬁgﬁgg@#§ﬁ%“hggkggﬁy$§§%%ﬁzfEP§§b§3?3$%% mul ti-carrier
radi o resouceRnt@itation st t2 & represtntative] afcbsnants aratefwerk 1Bt ofdhe esour ce

al l ocator 56, and, an allocati ssage generator 58. The. anal r 54
recei ves i nGPREMISHEOBYHHR aﬁ‘gﬁ Tﬁ?a‘?%“?gtt‘é’ *}Sg‘%ﬁtﬁﬁe ?ré(cft"’g&?_ htzl%_e net wor k
part to a mbi geShlRicahdh Staoh 14Gs RbtQcitad MM Mbbife AMTAHAICRALI QR
service during a conmmuni cati on session. The indication of the

char act eri stimeschpaguenty bd mferretstoas @anohilestaiiony Muripl apsrationtrathes ef the pe

conmmuni cated, or sope type of,indjcia th [ i t he anal yzer
pernits theceﬂmfﬁagg? F% Oli’se{fu?rfdceiiré?{f: s?a?a%ﬁ%%%%ﬁ%@gg gﬁtqééd 3? %r to be
anal yzed. | ggingdinicafion &f effditusddiad FBIGE ffth favreduliig blkemanmioation sasien.
provided to the resource allocator. The resource al| ocatrg,r all ocat es

resour ces b&psmtigpshalt brdemebyd vithrawectyy ctireuation Aok KRG t h
| ndi cati ons gl fRlduss M9t ﬁ&,p@g%&m btfmudidfiof BN ARbI N atl ASO6F ©

all ocations "are nade across’ a Ity o
delivery to the mobile station 14. Operation of the communication system to

communicate data in an uplink direction can be analogously described. A
communication station 14’ is also shown in the figure. The communication station
14’ is representative of the multi-access nature of the communication system. During
exemplary operation, separate EDGE communication services are effectual with both
the communication station 14 and the communication station 14°.

{00025] The communication system operates in general conformity with the
EDGE/GPRS/GSM (Enhanced Data for Global Evolution/General Packet Radio
Service/Global System for Mobile communications) operating specifications,
particularly with respect to the EDGE channel structure defined therein. The EDGE
channel structure defines a TDMA (Time Division Multiple Access) scheme
including frames that comprise eight time slots. A maximum transmission rate of
59.2 kb/s per time slot is permitted. When a communication service is to be
effectuated, comrunication resources, i.e., time slots within frames defined upon a
carrier available for communication, are allocated for the communication of the

EDGE data thereon. Theoretically, all eight time slots of a frame can be allocated to a



| ogi cal |l y-defined radio carriers, wthin the operational range of the
transcei ver 28, according to a nobile allocation index offset schene. In
the exenplary inplenentation, a tinme slod and radio carrier, defined in
terns of a nobile allocation index offset, conbination is provided for each
of the allocations. Dependi ng upon the capabilities of the comunication
stations that are to be parties to the communi cation session in which the
data is comuni cated to effectuate the conmunication service, the
allocations include tinme slots aIIo ated on different carrjers at

concurrent PPRESOMENIICAIRR SeRFfATe FCEOYREFEtiRg? Mag AUy fragyaisinn i4ie ofe

al | ocati onsyf & BRYS:49%) fbA L ABRERCISN LIPS iR GctBANRR ! élﬁ)%aﬁ’(;n $fich
comuni cation stations.” For an allocation to be permtted,

comruni cat i etargé aambersof mmsftsld)tsrohheamg}ecmaprabt enak gcmmilmracmglﬂglwtiet he

frequency of the radio rri The .al | o atr ns de by .the resource

al | ocat or afo%f lg%lf%sbaﬁaafér?r SBSRCY iR Ao ?etvg OQ?‘?H&’P(‘%‘PP%H@“EF“WQS% are
further applieath&p/dires/Gam strtaﬁ%éé‘satafreﬂrafekndbqglsauéamake ka@&s1] Control
nessages are generated by the resource all ocator andm%r ovided to the radio
pr ot ocol stmksur@m@tmagdbmemﬁsthah@fetfmllﬁlif@be an on gighdlst rol their
operation ip c rm.t t.he al,l ocati r.esSourG

al | ocat or. fi‘iﬂ’ﬁ Flclaﬁdr’%’ﬁn (ren§ He&~ acle}l%c‘gfi Ce&g)poetglgﬁ(r}tcveesclérhssa hg%dtg“r:e%qbtl ed to the

al  ocati on seE6REHEIDREER! Diie SferatidpepeEisisain, TSASIHEYS] germaseeoza[n]
al l ocation nmessage that is provided to the RF transceivers 28 f

comuni cat i ArnepBispecifomd defige sertein omesermeawﬁn%rmﬁﬁri@aﬂribh der tq'rlr@
al | ocati on ﬁﬁﬁ%% %m&re%?mw?ﬁmﬁ eﬂ% ida6n Sl REQ L0 data

r esour ces, e station 1s ma re t e aI ocat ed resources.

[ 00032] Theammblraffie setvixies e pacfdmdﬂsbysnﬁtherorioumuréceaiomqmbntsetss Clougtetitien of t he
net wor k sta‘tsﬂs Here,. t he rece ﬂarn1 tro of. the m)brll letatron is
Shown. The  FRSIOIETENGAioR FESOHERS HBYE 46 SRiB ORE RS ga sl {habEre | e et

66, a basebangi.tl-auBRhLIIEGePRLiR AR é)ccﬁﬁlﬁhﬁlﬁﬁ’ckonssrcﬁﬁge #; forl iRtakEe, Sh@gENT
forms a wi deband RF transceiver front end having a radi 0 frequency of a

bandwi dt h sisfd itygetdent poblabitity crf@cfeilalnhﬁymf@mmtlmy spt @rmsagnmyntofher adi o
frequenci es muni cat e durr ng erat

enbod nent  SPbiial BPBRRe S s b8 A et BBl e,
provi des f opnlgul.67 pezadot Arldmé:ara.bmntycateﬁgﬁcsn@guodaummwa@mgﬁd to the
nobi |l e station upon separate carriers, within the range of operatron of the

RF transcei SafFienbang avalablejdsppsforiaehperaenta Eyen puffiag asidq the lingjtadions dygtoone
| Tl ement al haheek P ARHARYIAGLE RIRARC Rl 8:914e11:1§nt£ RbEseRadEuplmbito. Of

nor e, space apart antennas, positione recel ver diversity. The
data recei vhklelﬂrtooﬂlﬂmtmﬂapsla,t@nagﬁmrtaae sletsquuld be sesitablepom $1hgle$am;:rcar rier
and the rec pthon at the se araté?antennas rovi de r. the.receiver

di versity. SN PRARARGR;A B Q?IF‘HW“éﬂaQ PIICE AUlE GAFEYOUS NG o 1 adi o
resource Cogrbrs%e QL& eﬁr@ﬁﬁﬁle 68 T $MARH LarkiRr2 b &Y QIR ahIEDEEesent

i nvention. The elenent 78 includes a detector 82 and a control | er 84. And,
t he radi o rkaswedsgsernoaltocaling b@re(slcetr emérffer‘tttt r@b@rprreérs ignof peamittddunct i onal | y,

to the radio I tacli? of th % aseband
el ement 92, éﬁ@&iﬁicﬂr‘? Sﬁ%éw“‘r‘%ar R ga%%ﬁ% (gfggfenftj&f)t Ongu of the
line 94. | nréph@e@té@ﬁﬁdl afeYforfi®] 6NRALEGHa0Blenieh®, RhREMBAta8 ih Snp@émdd ed at a
radi o resource rranadgerrent | ayer.

manner. Additionally, while the functional elements are represented together, the

physical locations at which the elements are formed need not be in common. For

example, the elements shown to form portions of the network station 12 need not be

positioned at a single physical location, €.g., at a base transceiver station of the

network part. Rather, the elements of the network station, in one implementation, are

distributed amongst more than one location, such as at the base transceiver station and

at a base station controller. The network station includes a radio protocol stack 18 to

which user application data is applied by way of the line 22. The user application



[ 00036] The detector 82 operates to detect the allocation nessage sent by
the network station to the nobile station. The detector extracts val ues
contained in the allocation nessage, or Dtherwi se identifies the

conmruni cation resources allocated to the communicati on session to

comuni cate the data pursuant to effectuation of a comuni cation service.
Det ecti ons nmade by the detector are provided to the controller 84. And, the
controller operates to control operation of the nobile station so that the

nobil e station_receives, and operates upon,, the communi cated data. The
control | er, 4%1‘5 foﬁ%@ﬁ'@@'caB@h{Or‘H}esOfé'b@F&%qbélﬁ§ta(5‘P“§ PEFSYAR fO,00C QIIRYFENt s Of

the nobile g&nmuﬁh%tﬂi Tl&l&e Tvﬂeqﬁ@iﬁ:]ﬂotggoltsﬁéﬁsiﬁ&ﬁd’&rv’an&?s ﬁpmr e that

the radio el'enments are erable at the proper tines to recelve the data
conmuni cat ethyenséncltdieg dlricﬁemsntnroeamanagmment‘(ﬁﬁM}iyyerl ntelligent control is

provided to the e station, 0003 i qur Ius es. a

repr esent at i (BHOOQrgTEEW? ﬁ‘éF*’r tion £y 11‘?2“‘3454 ég%%ﬁwﬂé&l ?gi \{hich data

al | ocati Onslsfmgﬁdé@meﬁeh% RO ahi 8P iR idabe PHE B4RBind QeRBR REHbARs Of an
enbodi ment of the presen{) Invention. The representation illustrates three
successi ve Vidldustbasaimesd opetatidi@ancladidg bagbandiptocesinghinolulation,wdd shainght ti ne
slots, nunbered 0-7. Eight radio frequency carriers 132, identified as RF
channel s 1- %(’cﬁ'i‘gthe inactive cell and carriers FM1 - FM MAX of an adj acent

cell all Idegt)mdzs] CRHel i Srkipaildd ineidéga WikbeXERP (Ao Requedeyycat i on
system 038] "Here, the nobile station is capable of recelving data

communi cat ettal@ﬂﬁeltvhlr fentiord 28 te which dataris apahedbis fhy. ba@h@ﬂﬁ glegent &h Fesour ce
al | ocati ons c%s%el%p djerzgt?sgtrot ag'lrrs]ﬁ%t rmllhple g&@‘rﬁﬁﬁé xraﬁ'logﬁ'eqtuléﬂé éﬂﬁﬂng ta be

conmuni cat ed upon n rirers ng any particul ar
time slot. daeverted GoancangldbasdBand a@dalR& waieo Shawn mcrrehhmmha wansdudens
identify the three_ carrjers, deflned |.ogically. accordin n MAI O schene,

upon whi ch &&t &h¢ widehand pateserod gh ?%a‘lsﬁ%wﬁ‘iﬂﬁméts ¥ gpsghony Sieﬁ Eﬁa}fpﬁ'ért i cul ar
tinme slot. I@%r&%rﬁgécﬁégr' ciEs%PHﬂMlleQR%dt&)ﬁ iREE] RSt Atk Wich data is

transmtted station and during whi ch neasurements are nade by
t he nobil e emhbdimntoftpeﬁ&%@}tlmaunce al l ocations are made by the

al | ocat or n Fi urel X ink time slots
allocated to [Q@%gq“és"}?ﬂ Olaé‘%?%qo%gat&fsgé%prteﬁe@?%ﬁgﬁl?%t% C({‘WBPmF?féonrmbl l e
station recqhNén fRRAHRPIHRAIIER h endlfidBrridd ERRO e@bﬁﬂceb@memubgig cRmensingl e tine
slot while also observing the reaction tines Tta, Ttb, Tra, and Trb, as

defined in Theelr@enstDiozt [y, fupetinaeliBceynled fo aradimprotere] sledeiB.on ti mes,
general ly, 1dent]ty bEr golfq][? ﬁfﬁ%%ragﬂ 4 oath%géébﬁncfél%' Rtglé feRet ready to

transmt orrelpécel Ve, pec f i‘e recel ving séquent burst,

transm tti ngpessuts 8¢ uelytofbw Bﬁes A3randas ﬂwnﬁdmgalanmaﬁuh@mﬁresamed by
adj acent -cel | si gnal g’ﬁ In the exe Iar%/ e‘ | enen a.tl on,
2 é

carrier/ti myagph ed%ﬂ%ﬁ%a{‘? gpglagyraplpwgntafio egentd? IKRMBogiaist | e
Al'location ) ngdex COXfset) édtq@%ﬁgl@% FOI’TbI nation by "scavengi ng" for
to 0

avai |l abl e resources accor | owi ng equation: N Nr

[00030] The multi- carner radio resource control logic element includes an analyzer
54, a resource allocator 56, and an allocation message generator 58. The analyzer 54
receives indications of the data that is to be communicated by the network part to a
mobile station pursuant to effectuation of a communication service during a
communication session. The indication of the characteristic comprises, for instance,
the amount of data that is to be communicated, or some type of indicia that through
analysis by the analyzer permits the communication requirements to communicate the
data to be analyzed. Indications of the analysis performed by the analyzer are
provided to the resource allocator. The resource allocator allocates resources based

upon the analysis made by the analyzer together with indications of data scheduling

information. The communication resource allocations are made across a plurality of



MAX : xEsa.,R" 10,11 1=1 R=I St : u = {a =1Afr =/.4, v[f, "vf =f.):1 El se:
0 Were: | r- timeslot nunber R = RE deck nunber (both transmt and
receive) Nt = Maxi mum nunber of tinesloti® in allocation N = Maxi num
nunber of RF decks available for sinultaneous reception in nobile term nal

logically-defined radio carriers, within the operational range of the transceiver 28,
according to a mobile allocation index offset scheme. In the exemplary
implementation, a time slot and radio carrier, defined in terms of a mobile allocation
index offset, combination is provided for each of the allocations. Depending upon the
capabilities of the communication stations that are to be parties to the communication
session in which the data is communicated to effectuate the communication service,
the allocations include time slots allocated on different carriers at concurrent times.
And, the number of radio carriers across which the allocations are made is also
dependent upon the capabilities of the communication stations. For an allocation to
be permitted, the communication stations must further be capable of communicating
at the frequency of the radio carrier. The allocations made by the resource allocator
are also dependent upon such criteria, indications of which are further applied to the
radio resource control logic 42.

[00031] Control messages are generated by the resource allocator and provided to
the radio protocol stack, the baseband element, and the RF element to control their
operation in conformity with tﬁe allocation of resources made by the allocator. An
indication of the allocated resources is also provided to the allocation message
generator 58. The message generator generates an allocation message that is provided
to the RF transceivers 28 for communication to the mobile station 14. Through
communication of the allocation message that contains values identifying the
allocated resources, the mobile station is made aware of the allocated resources.

[00032] The mobile station includes structure analogous to structure of the network
station. Here, the receive chain portion of the mobile station is shown. The mobile
station includes an antenna transducer 64, an RF element 66, a baseband element 68,
and a radio protocol stack 74. The RF element forms a wideband RF transceiver front
end having a radio frequency of a bandwidth sufficiently wide to receive concurrently
a plurality of radio frequencies upon which data is communicated during operation of
an embodiment of the present invention.

[00033] The wideband RF transceiver provides for multi-carrier reception.

Streams of data communicated to the mobile station upon separate carriers, within the

range of operation of the RF transceiver are, e.g., independent data streams.



S = Radio resource of tinmeslot "t" on RE deck "R' for nobile receiver tR
= Utilization of tineslot "t" on RF deck "R' permtted according to the
reaction time constraints (Boolean) a =1Tineslot availability for

all ocation to nobile downlink (Boolean) 13 [ 00041] Because the resources
are not limted to those avail able upon a single carrier, a substantially

i ncreased possibility of availability of conmunication resources to

ef fectuate comuni cation of data is possible. As EDGE-based, as well as

ot her types C ni catjon services are jncreasingly data-intensive, the
"ner easad avAPYGET I e Gb BT PEDr SRR ERBHRIReT A ep et b
comuni cat egr fBFE sphdled kpatt ddtakhab NSsitfoReN enplo@Ridlrbti Ry diverddtye The dh@0042]
Figure 3 illustrates a representation, shown generally at 133 of

conmuni cat i meeived authe separto anteiuanss e.ga desehbuparhide syneroariienanddhe sicepliang

pursuant to_gperation_of another di ment of the present invention. The
represent at RRE FTHA ??%F%%astpﬁ?vége gol.l; ceeléeg:gﬁ\yer‘]?‘mtf‘ranes, frames 134, 136,

and 138, eaclio@d3sphitembbitd sistem Adiicluded® nfllcsrientidieiesshrft donkial Fi gure 3.
Ei ght radio [Cgauency carriers 142, identifjied as RF channels 1-8 of the
i nactive celagieelementy 18 mirgaphioanmmpodigentof thgprasenh tovertion. aihe glepaenti7By

carriers i dgahidel edloliol B2 1% S Bh AN GATRHA! BRLLAD - SYSLEWriHrbRY i 1 er ent

ti meslots, conmmun I'on resources are a ering carriers, and
resour ces aelement isablsieditae tbasiofnactionatly) tp theradar grotdeahstavkebycwsy ofthe The

references Rl and R2 are shown in Figure 3 to id ify the two carrjers
upon whi ch H8§s:P% dXiRthe Patedand flepreat §%a’*ﬁ®%%ﬁ§§‘fﬁ%@ﬂ§?ﬁ BEREEGHE KR whi ch
two carrier gepf @;v@h#abih% 144898, Wkt exem HpichRhftidalthe HRRRn@ist WO
adj acent tine slot’s. The indications T and identify periods during which

data is traeshbdicdd dospdidwesombs mgnagemendlayand duri ng whi ch neasurenents are -

e mte, by AT Qe AT Seelistis AR B o e The

sum of downhétilertt stBRorbloGhe nidbileGatie. The deétdObardtRbialiRs sbihined irgiheen t he
constraint that resource allocations are not nade on separate radio

carriers dupllergticnmessagernr othorisslidensifignthecommupnisyingroraveces Alosaliei on
tines Tta, . E}Ct%bli[}-gl[llﬁiica%% .SIgSPC{n t%%og'ﬁxtlﬁlﬁgger cfarhelaﬂ:&aﬂ?tooé%ﬁe[:aﬂaﬁoﬁw x B
on tine y, tdentity the

speci ficati on. e reacti S, genera time required of
a nobil e st admonnicatigeservieadPeteotidisansdd by e deectoe e pravidedsypget i vel y,

i a _subsequent burst, or
e

before receiving a_subs ent byrst, transmtting
per f or ni ng ’éoqﬁ@g@ﬁg‘énéﬂgﬂgﬁ copfrofler gpenates e ponteyl gperation of e gpkyle sigtipn; g

exenpl ary i gpiaPRRLAH iR atlolGeGes! £1d SpefResShin, AREBHNAINQRS AL AR ect ed
in terms of an MAI O ( |Vbb|a| e AlTocation'Index Ofset) scheme by "scavengi ng"
for avai | abtentrodlsnforciestanes cowialg oparatires dfdhd variavy elpeatsi afithe mobile
station, including the wideband RF fransceiver, to ensure that the radio elements are
operable at the proper times to receive the data communicated over the different
carriers. Thereby, intelligent control is provided to the mobile station.
[00037] Figure 2 illustrates a representation, shown generally at 122, of
communication resource allocations made for the communication of data pursuant to
operation of an embodiment of the present invention. The representation illustrates
three successive TDMA frames 124, 126, and 128, each of which includes eight time
slots, numbered 0-7. Eight radio frequency carriers 132, identified as RF channels 1-8
of the inactive cell and carriers FM-~1 — FM-MAX of an adjacent cell all identify
carriers identified in the exemplary communication system.
[00038] Here, the mobile station is capable of receiving data communicated on

three RF carriers simultaneously. Communication resource allocations are made,

therefore, with the constraint that the data be communicated upon no more than three



14 MN MXtR i1 (W it Rl St : u=a =1Afr Li, Aut_IR =0:1 Else:0 Were:
t = timeslot nunber R = RF deck nunber (lgoth transmt and receive)

carriers during any particular time slot. The references R1, R2, and R3 are shown in
the figure to identify the three carriers, defined logically according to an MAIO
scheme, upon which data is communicated to the mobile station during any particular
time slot. The indications T and M identify periods during which data is transmitted
by the mobile station and during which measurements are made by the mobile station.

{00039] Resource allocations are made; by the allocator 56 shown in Figure 1, to
maximize the sum of downlink time slots allocated to a single mobile station given
the constraint that the mobile station receive data on no more than three carriers
during any single time slot while also observing the reaction times Tta, Ttb, Tra, and
Trb, as defined in the TS 45.002 [2], Annex B specification. The reaction times,
generally, identify the time required.of a mobile station to get ready to transmit or
receive, respectively, before receiving a subsequent burst, transmitting a subsequent
burst, or performing a measurement on an adjacent-cell signal.

{00040] In the exemplary implementation, carrier/time slot combinations are
selected in terms of an MAIO (Mobile Allocation Index Offset) and time slot

combination by “scavenging” for available resources according to the following

equation:

N Nr
MAX 2 Y  Spugsu € (0,1

t=l R=l
Se: _{a=1/\fr =fmv(fm = f v f, =fr):l}

filu= .
Else:0

Where:

¢ =timeslot number

R = RF deck number (both transmit and receive)

Nt =Maximum number of timeslots in allocation

Nr = Maximum number of RF decks available for simultaneous reception in mobile
terminal

S . = Radio resource of timeslot “t” on RF deck “R” for mobile receiver
u, = Utilization of timeslot “t” on RF deck “R” permitted according to the reaction
R p

time constraints (Boolean)

a = Timeslot availability for allocation to mobile downlink (Boolean)



Nt =Maxi mum nunber of tinmeslots in allocation Nr = Maxi num nunber of RF
decks avail able for sinultaneous reception in nobile termnal SER = Radio
resource of tinmeslot "t" on RF deck "R' Bor nobile receiver WR Utilization
of timeslot "f' on RF deck "R' permitted according to the reaction tine
constraints (Boolean) a =Tineslot availability for allocation to nobile
downl i nk ( Bool ean) [ 00045] Figure 4 illustrates a nethod fl ow di agram
shown generally at 142, representative of the nmethod of operation of an

enbodi ment of fhe present invention b .ch .t | cat e dat a,bet
set of corrrrur[pé%‘fii]_ ec@P%ﬁ@Sﬁ?@W%“@dMﬂ{“@af? g‘r‘?%gg?mf’é@éf%ﬁ‘r?gfl a%f”%\lﬁ ge\é\efe gr :
mobi | e al | ogatipn shﬂglﬁrﬁiaﬁlgrfiﬁ@r%as@& p6RiBiliBf off HVEHAMRAGT conlnid@baFi r st, and

as indicated by the block” 144, comunication requirements required for the
comuni cat i ogsovdces tvecffatuatearommurdbativadhf datreis pastiblsi 4siED@Bbpadppgwell

responsive to an jndication of characteri.stic.o . en, and as
i ndi cated by® P%Qr QPS%‘%éi%fﬂu&?ﬁﬁ%ﬁﬁeﬁltcﬁsoﬁeF%%%ﬁ}n(,gfé}éa%rgég%{‘ﬁq‘é%g ed across a
plurality ofnd@lb®aEAabiliey 6f dRmERBARIH 8duredt REmithdatddd be céh@utiab@dt o be
comuni cated by a wi deband RF transceiver in accordance with the all ocated

resour ces. mdroQuigkly trirethetganaentionally axailablfi. cat ed by the bl ocks 148 and

152, an allo j eSS i ener anﬁi communi cati on
station to aﬁé@eﬁoﬁﬁugtg tlgsoyn%ggéastgﬁgﬁ&gﬁgﬁ%g’g%?@fes e?{l ocati ons of
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al l ocati on nmessage is used at the renote conmunicatign station to control
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radio carri Qltrates three successive TDMA frames, frames 134, 136, and 138, each of which
includes eight time slots, numbered 0-7 in Figure 3. Eight radio frequency carriers
142, identified as RF channels 1-8 of the inactive cell and carriers Fm 1-FmMAX of
an adjacent cell all identify carriers identified in the exemplary communication
system. During different timeslots, communication resources are allocated on
differing carriers, and resources are not allocated concurrently on more than one
carrier. The references R1 and R2 are shown in Figure 3 to identify the two carriers
upon which data is communicated in the example resource allocation in which two
carriers are available upon which to communicate data upon any two adjacent time
slots. The indications T and M identify periods during which data is transmitted by
the mobile station and during which measurements are made by the mobile station,
respectively.

[00043] Resource allocations are made, by the resource allocator 56 shown in
Figure 1, to maximize the sum of downlink time slots allocated to a single mobile
station given the constraint that resource allocations are not made on separate radio
carriers during concurrent time slots while also observing the reaction times Tta, Ttb,
Tra, and Trb, as defined in the TS-45.002[2], Annex B specification. The reaction
times, generally, identify the time required of a mobile station to get ready to transmit
or to receive, respectively, before receiving a subsequent burst, transmitting a
subsequent burst, or performing a measurement on an adjacent-cell signal.

[00044] In this exemplary implementation, the carrier/time slot combinations are
selected in terms of an MAIO (Mobile Allocation Index Offset) scheme by

“scavenging” for available resources according to the following equation:



15 [ 00048] | nproved conmuni cati on performance of a hi gh-speed data
service is thereby provided. Increased throughput rates relative to those
achi evabl e when resource allocations ardd4imted to those of a single radio
carrier is provided. Increasingly data-intensive data conmmunication
services are better able to be carried out w thout noticeable delay. The
previ ous descriptions are of preferred exanples for inplenenting the

i nvention, and the scope of the invention should not necessarily be |imted
by this descriptipn, The scope of the present invention is defined by the

foll ow ng C|Mm.z; G %%M{O,l} 1. Apparatus for a network station

operable to co fiiat’e™data in a time-slotted comunication schene that

provi des for cogqgnnggigger§9urQ§0aiIocations across a plurality of
r c r; H
tids %

| ogi cal | y- desrtmed 1 adi i'ers'? sai'd apparatus conprising: an

anal yzer adapted a:dcei ve an indicatlion of a characteristic of data in an
Enhanced Datgpdr@r G obal Evol ution (EDGE) conmunication service, or an

i ndi cation of characteristic of data of another comuni cation system
utilizing fredimestot nuoypef ng, that is to be communicated by the first

conmmuni cati gn_station nd.canfigur.ed o anal yze comruni cati on requirenents
Coquired 1ol T REARR A4rgt SR ryingEind 2409

Nt =Maximum number of timeslots in allocation

Nr =Maximum number of RF decks available for simultaneous reception in mobile

terminal

S,z = Radio resource of timeslot “t” on RF deck “R” for mobile receiver
Uy = Utilization of timeslot “t” on RF deck “R” permitted according to the reaction

time constraints {Boolean)

a = Timeslot availability for allocation to mobile downlink (Boolean)

[00045] Figure 4 illustrates a method flow diagram, shown generally at 142,
representative of the method of operation of an embodiment of the present invention
by which to communicate data between a set of communication stations in a
communication scheme that provides for mobile allocation index offset or carrier
frequency.

{00046] First, and as indicated by the block 144, communication requirements
required for the communication of the data are analyzed. The analysis is performed
responsive to an indication of a characteristic of the data. Then, and as indicated by
the block 146, communication resources are allocated across a plurality of radio
carriers for communication of the data, the data to be communicated by a wideband
RF transceiver in accordance with the allocated resources.

[00047] Thereafter, and as indicated by the blocks 148 and 152, an allocation
message is generated and sent by a sending communication station to a remote
communication station that identifies allocations of the communication resources.
And, as indicated by the block 154, the allocation message is used at the remote
communication station to control its operation pursuant to communication of the data

across the plurality of radio carriers.



a resource allocator adapted to receive an indication of the analysis nade
by said anal yzer, said resource allocator configured to all ocate resources
defined in terms of nobile allocation oflPsets across a plurality of radio
carriers for communication of the data, allocation nade in a manner to
maxi mze a sumof tine slots allocated to conmunicate the data given a
resource allocation constraint; and a w deband radi o frequency

el enent adapted to receive an indication of allocation made by said

orural ity of (DO o o e R caleR Pl bR it AR BRE R E o o

configured {iRrdR§ra@ti@ed. NineRRAEQN tHidughitirhtet Peatiheso thoze acllib@bad when made by
said resource allocator to transmt data across the plurality of the radio

carriers. resource allocpignsigsgdiaifaddo drosg ohpsingle adiorraries dnprovidiedg an

al location fEss; g@hﬂfa@f-hﬁ&%ﬁw&&%’é ﬁ%hﬁ'caﬁ&?ée‘{ﬁgés@?? bl GBfe! 19 Be Uirried

al | ocati on nade sard resource al oca&or, sal'd allocation nmessage
gener at or cowfwihtuedoticcagRrdeiat e an al |l ocati on nessage identifying the
al l ocati on nmade by sai d resource allog%{or. The aﬁgaratus of

claim1 fur thePrevismsdpsmipgons #sof peaterr @ﬁ?ﬁmles({aawéanﬁﬁl%é FEFREXH wi t h
the data to | i ¥\ ] | ement
configured to g%%ggg?gqgggﬂﬁg%ghgﬁsgg%*?%%?§%g%?gPFggag?ﬂ?ﬁgéggggoﬁb be
comuni cat efThesdhpeof grequeshat trventiimig ldefisedmathetiollewing claideband r adi o
frequency element. 17 4. The apparatus of claim1l wherein said
resource allocator is further configured to generate a radi o part

comuni cation station control nessage for application to said w deband
radi o frequency elenent to control operation thereof pursuant to

al l ocati ons nade by said resource allocator. - 5. The apparatus of
claim4 wherein values of the radio part conmunication station control
nessage cause said w deband radi o frequency el enent to be operative to
comuni cate the data upon the radio carriers upon which said resource

al l ocator allocates the resources. 6The apparatus of claim1 wherein said
anal yzer and said resource allocator are



enbodi ed at a radi o resource managenent | ayer of a radio protocol stack
defined at the network station. 7. The apparatus of claim 1 wherein
the data conprises a plurality of data streans for comruni cation pursuant
to a plurality of data communi cation services and wherein said analyzer is
adapted to receive identification of a characteristic of each of the
plurality of data streans. 8. The apparatus of claim 7 wherein the
resources allocated by said resource allocator conprise separate resource
al l ocations for comunication of eachléf the plurality of the data streans.
9. The apparatus of claim 1l wherein resources allocated by said resource
all ocator conprises resources alloc @3§ jpon nore than one of the plurality
of radio carriers during a concurreﬁ pﬁe peri od. 10. The apparat us
of claim9 wherein tine slots are defined upon the plurality of radio
carriers, wherein the resources allocated by said reso rce allocator are
al | ocat ed t & sel Appasaius forg ngivrk sigtion ﬁ%ﬁr?tﬁ?i{ oRypyigated at"i‘ Kt B8 ﬁé“ ‘i | east
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The appar atus wherein e resources allocated to selectéd tine
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data of another communication system utilizing frequency hopping, that is to be communicated

by the first communication station, and configured to analyze communication requirements

required for communication of the data;

a resource allocator adapted to receive an indication of the analysis made by said
analyzer, said resource allocator configured to allocate resources defined in terms of mobile
allocation offsets across a plurality of radio carriers for communication of the data, allocation
made in a manner to maximize a sum of time slots allocated to communicate the data given a
resource allocation constraint; and

a wideband radio frequency element adapted to receive an indication of allocation made
by said resource allocator, said wideband radio frequency element operable across a plurality of
radio carriers, and said wideband radio frequency element configured to operate in conformity
with the resource allocation made by said resource allocator to transmit data across the plurality

of the radio carriers.

2. The apparatus of claim 1 further comprising an allocation message generator
adapted to receive the indication of allocation made by said resource allocator, said allocation
message generator configured to generate an allocation message identifying the allocation made

by said resource allocator.

3. The apparatus of claim 1 further comprising a baseband element adapted to be
provided with the data to be communicated by the network station, said baseband element
configured to generate a single signal representative of the data to be communicated and to

provide the single signal to said wideband radio frequency element.



a w deband radi o frequency el enent adapted to receive data comunicated to
the nobile station across a plurality of radio carriers; a detector
configured to detect an allocation nessage received at the w deband radio
frequency el enent, the allocation nmessage identifying conmuni cation
resources allocated pursuant to the conmunication of the data, the
resources allocated defined in terns of nobile allocation offsets, across
the plurality of radio carriers, allocation of the resources nade to
maxi m ze a sumof time slots allocated7to communicate the data within a
nobi | e-station capability constraint; and a controller adapted to

receive an indication of d Gti.o of t.ne allocation.nes e said
Gotoctor shid cort paeriy Fafndrise stigdr B SR8 TRy RE e

I espongkngatt @ ridi6 palet@fiusioSiciRttioh tomsedl dnedsige Cbraipplitdtion ¢osid didebaghal
controlljng operation of said w deband radi o frequency el enqent. . 13.
The apfRtiaireducsey elempnh i soRiFnd PRErANY %regf piravagt @ aﬁﬁ@?thgamag%ay ¥i& plurality
of radiQ.GRELI&aHrand Wherein the conmmunication resources identified in the
al | ocation nessage detected by said detector are allocated to selected tine
slots to which the resources are all ocated. 14. The apparatus of

claim 12 whereinghg, datd, dehan! £k alitk i debant, Sl g L ANEANY: ) ment
across the plural |?ypof carriers comnprise i ndepende dat a st reamrs.
15. Theomppanabise cafisecdaid wideBanthedii fiequeacyrelbinkst to tbetdperitis® apeormmaniaate

baseband el ement_ and, wherein said controller |s further configured to
gener ath® dataunoanhsradio GaFHSE: URAEAYIEH stidEesayee 'Fliﬂ“atz?bﬁlﬁ?“@fﬁﬁ ﬁl?r’feﬁo "®ke baseband

el enent to control operation thereof pursuant to allocations identified in
the allocati on nessage. 19 16. A nmethod for conmmunicating data by a
net wor k st abi on iThe appactusafictadmilowhesein eaid andlsizer gpdsaidi resoyree aliasmienmecat i on
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station.

7. The apparatus of claim 1 wherein the data comprises a plurality of data streams
for communication pursuant to a plurality of data communication services and wherein said
analyzer is adapted to receive identification of a characteristic of each of the plurality of data

streams.

8. The apparatus of claim 7 wherein the resources allocated by said resource
allocator comprise separate resource allocations for communication of each of the plurality of the

data streams.

9. The apparatus of claim 1 wherein resources allocated by said resource allocator
comprises resources allocated upon more than one of the plurality of radio carriers during a

concurrent time period.

10.  The apparatus of claim 9 wherein time slots are defined upon the plurality of radio
carriers, wherein the resources allocated by said resource allocator are allocated to selected time
slots of the radio carriers, including at least two time slots concurrently upon separate radio

carriers.



anal yzi ng communi cation requirenents required for comuni cation of the data
responsive to an indication of a characteristic of the data,;

al l ocating, responsive to analysis made during said operation of analyzing,
resources across a plurality of radio carriers for conmuni cation of the
data, the radio carriers within a bandw dth of operation of a w deband
radi o frequency transceiver of the network station to communi cate the data
given a resource allocation constraint. 17. The method of claim 16
further conprising the operations of: 18 sendi ng an al | ocati on nessage
that identifies allocations nade during said operation of allocating to a

nobi | e stati on; d | 0 he al.l gcation sa at the .nobi,l e
station to Somi rof wparks Sl ab R kPR FREART el BT R dac
acr 0ss sélb@eddsu Rhétion With sBGhOsie@dvailaibtyahl agadetine tiguitemends of thpac@biion of
al I ocati ng. 18. The method of claim 17 further conprising the
oper at P8HO%Df detecting data at a w deband radi o frequency transceiver at
the nobile station, the wi deband radi o frequency transceiver at the nobile

station operated in conformty with the allocation nessage.
12.  An apparatus for a mobile station operable pursuant to communication of data in a

time-slotted communication scheme, said apparatus comprising:

a wideband radio frequency element adapted to receive data communicated to the mobile
station across a plurality of radio carriers;

a detector configured to detect an allocation message received at the wideband radio
frequency element, the allocation message identifying communication resources allocated
pursuant to the communication of the data, the resources allocated defined in terms of mobile
allocation offsets, across the plurality of radio carriers, allocation of the resources made to
maximize a sum of time slots allocated to communicate the data within a mobile-station
capability constraint; and

a controller adapted to receive an indication of detections of the allocation message made
by said detector, said controller configured to generate a control signal responsive to the
detections made by said detector, the control signal controlling operation of said wideband radio

frequency element.

13.  The apparatus of claim 12 wherein time slots are defined upon the plurality of
radio carriers and wherein the communication resources identified in the allocation message

detected by said detector are allocated to selected time slots to which the resources are allocated.

14.  The apparatus of claim 12 wherein the data detected by said wideband radio

frequency element across the plurality of carriers comprise independent data streams.

15.  The apparatus of claim 12 wherein the mobile station comprises a baseband
element and wherein said controller is further configured to generate a baseband element control
message for application to the baseband element to control operation thereof pursuant to

allocations identified in the allocation message.
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16. A method for communicating data by a network station in a communication
scheme that provides for communication resource allocations across a plurality of logically-
defined radio carriers, said method comprising the operations of:

analyzing communication requirements required for communication of the data
responsive to an indication of a characteristic of the data;

allocating, responsive to analysis made during said operation of analyzing, resources
across a plurality of radio carriers for communication of the data, the radio carriers within a
bandwidth of operation of a wideband radio frequency transceiver of the network station to

communicate the data given a resource allocation constraint.

17.  The method of claim 16 further comprising the operations of:

sending an allocation message that identifies allocations made during said operation of
allocating to a mobile station; and

using the allocation message at the mobile station to control operation thereof pursuant to
communication of the data across the plurality of radio carriers allocated during said operation of

allocating.

18.  The method of claim 17 further comprising the operation of detecting data at a
wideband radio frequency transceiver at the mobile station, the wideband radio frequency

transceiver at the mobile station operated in conformity with the allocation message.



